Total intensity and polarization l 6 cm Very Large Array (VLA) and global very long baseline interferometry (VLBI) images of the quasar 09171624 and the BL Lacertae object 09541658 (both at epoch 1991.43) are analysed. Integrated measurements using the VLA during the VLBI observations indicated that, although there were no substantial total intensity variations, there were significant polarization variations for both sources during the 24-h VLBI experiment. The VLBI data were divided into 2±3 h segments in order to try to identify corresponding rapid variability in the VLBI structure. This analysis revealed intraday variability (IDV) in the VLBI core of 09171624: both the polarized flux and the polarization position angle varied substantially on time-scales of ,5±10 h. There is evidence that the VLA polarization variations for 09541658 occurred in an inner VLBI jet component, where the polarized flux varied by ,30±40 per cent on time-scales of ,2 h. 09171624 and 09541658 were observed together with 07161714, an object that also displayed IDV in the polarized flux density measured during our experiment (analysed in a separate paper). These three sources were targeted for the VLBI observations since they had been previously identified as intraday variables, but we had no way of knowing whether they would vary during our observations. The fact that all three exhibited IDV in polarization (but not in total intensity) during our experiment suggests that polarization IDV occurs frequently in at least some IDV sources.
I N T R O D U C T I O N
Rapid (intraday) cm-wavelength variations in both total and polarized flux density have recently been observed in a number of strong extragalactic radio sources (Wagner & Witzel 1992 . In many cases, the amplitude of the variations in polarized flux density is substantially greater than that of the total flux density. Simultaneous variations in total and polarized flux may be either correlated or uncorrelated. The quasar 09171624 has displayed the largest amplitude variation of the sources in which intraday variability (IDV) has been observed (Quirrenbach et al. 1989a,b) . In this source there is a tendency for the polarized flux to decrease when the total flux increases, and there is a possible periodicity in the variations (period ,1.3 d) that is sometimes, but not always present. During one event in 09171624, a swing in the polarization position angle (x ) of ,1808 occurred over a time-scale ,1.3 d. In at least one case (07161714; Quirrenbach et al. 1991) , there is evidence for correlated IDV at optical and radio wavelengths.
The proportion of such variations that are of intrinsic, as opposed to extrinsic, origin is not yet clear. Possible extrinsic origins include gravitational microlensing and refractive scintillation in the interstellar medium (Rickett 1986 (Rickett , 1990 Heeschen et al. 1987; Wambsganss et al. 1989; Simonetti 1991; Rickett et al. 1995) ; however, the latter of these two is more likely. In this case the scintillation occurs when the radio emission from the distant compact radio source passes through the plasma of the interstellar medium. Sufficiently compact radio features will scintillate, while more extended features will not. In the case of so-called weak refractive interstellar scintillations, sources with diameters smaller than u < 8 Â 10
26
L kpc an GHz p arcsec are expected to display substantial random fluctuations on time-scales of hours or longer (Rickett 1990 (Rickett , 1998 , where L kpc is the path-length through the intervening plasma that gives rise to the scintillation in kiloparsecs, and n GHz is the frequency in GHz. At 5 GHz (6 cm), for pathlengths L kpc ,1 (corresponding to expected path-lengths through the Galaxy at a Galactic latitude of ,308), the sources must be extremely small to scintillate ± less than about four microarcsec. Thus, one distinctive feature of IDV resulting from interstellar scintillation is that only extremely compact features should scintillate, while most features are too large for their radio emission to be affected by the scintillation. Another distinctive property of IDV associated with scintillation is that the polarized flux of a uniform scintillating region will fluctuate together with the total flux. The observed polarization variations can be more complex if multiple subcomponents with appreciably different polarization position angles are present within the scintillating component (see Rickett et al. 1995, for example) . In fact, it is quite plausible that multiple polarized subcomponents exist within compact VLBI structures. However, polarization variations caused by scintillation must be accompanied by appreciable total-flux variations.
Although a wholly extrinsic cause for the variations cannot be entirely ruled out by the observations, it is difficult to explain the details of the variations in this way (see discussion in Wagner et al. 1996) . On the other hand, if the variations are intrinsic, the brightness temperatures implied by the rapidity of the variability are very high ± up to 10 19 K in 09171624 (Quirrenbach et al. 1989a,b) . However, if the sources are as small as inferred from their variability, then they are certainly small enough to experience some scintillation. It is thus of considerable interest to determine whether IDV is, at least partially, a phenomenon intrinsic to the most compact active galactic nuclei, or if it can be fully explained by interstellar scintillation or by other effects which are external to the source.
All three sources observed in our experiment (the two sources considered here, plus 07161714) have rather compact VLBI structures. In each source, more than 80 per cent of the integrated flux is present on mas-scales, and more than half of the flux present on mas-scales is present in a single compact VLBI component. The images shown here, as well as earlier VLBI images of 09541658 (Gabuzda et al. 1994; Gabuzda & Cawthorne 1996) indicate that, for the most part, the VLBI polarization properties of these sources are typical for their respective classes.
VLA data obtained during our VLBI observations did not reveal any evidence for significant variability in the integrated total intensity of any of the sources observed, but there were significant polarization variations during the 24-h VLBI experiment. Below, we first discuss the VLA and VLBI total intensity and polarization images for 09171624 and 09541658 in their own right, then proceed to an analysis of the intraday polarization variability indicated by our VLA measurements. In both sources, the integrated polarization variations are detected in the VLBI data.
O B S E RVAT I O N S

VLBI data
The observations presented here were made in 1991 June (1991.43), using a 10-element global VLBI array. The antennas that were used are listed in Table 1 . The observations were made under the auspices of the US and European VLBI networks. The data were recorded using the Mk III system, and all data were subsequently correlated using the Mk IIIA correlator at the Haystack Observatory. The polarization calibration of the VLBI data was performed as described by Roberts, Wardle, & Brown (1994) , using the unpolarized sources 3C 84 and OQ 208. Hybrid maps of the distribution of total intensity I were made using a selfcalibration algorithm similar to that described by Cornwell & Wilkinson (1981) . Maps of the linear polarization 1 P were made as follows: the calibrated cross-hand fringes were referenced to the parallel-hand fringes using the antenna gains determined in the hybrid mapping, after which they were Fourier transformed and a complex clean was performed. One byproduct of this procedure is to register the I and P maps to within a small fraction of a beam width, so that the corresponding I and P images may be directly superimposed.
VLA data
Arcsec-scale images were made using the VLA data collected during the scans in which the VLA was used as one element of the global VLBI array. The VLA was in a mixed A±D configuration using 22 antennas. After applying the appropriate corrections, the VLA data were correlated and treated as`ordinary' (non-phased array) VLA data. Most of the array antennas were in the high resolution A configuration. Data were recorded in two 50-MHz channels (IFs), both centred on 4985.0 MHz. Calibration and data reduction were performed in the usual manner using the NRAO's Astronomical Image Processing System (aips) software. Absolute flux density calibration was performed using 3C 286 and the modified scale of Baars et al. (1977) . The absolute values of x were set using observations of 3C 286. The standard iterative technique was used to image the data using the aips selfcalibration task ascal and the deconvolution task apcln. Initially, the u±v data from each IF were treated separately, then combined after editing using the tasks uvsub and clip. Uniform and naturally weighted images were made to enhance the resolution and sensitivity, respectively. The final deep images represent a time averaged value of the core parameters over the course of 1 d.
R E S U LT S : V L A A N D V L B I S T R U C T U R E
In each of the VLBI images presented here, the restoring beams are shown as crosses in a corner of the images. For the linear polarization maps, the contours are those of polarized intensity (p) and the plane of the electric vector is indicated by the x -vectors which are superimposed. There is always the possibility that the observed VLBI x-values include some contribution due to Faraday rotation along the line of sight to the emission region. In the absence of simultaneous multi-wavelength VLBI polarimetry, the only Faraday correction that may be applied is one based on integrated measurements. It is impossible to know, however, to what extent integrated rotation measures are appropriate for VLBI components. The integrated rotation measures for 09171624 (210 rad m 2 ; our own measurements), and 09541658 (211 rad m 2 ; Rusk 1988) are small: the corresponding rotations at l 6 cm are only about 28; therefore, application of these rotations is unlikely to introduce large errors in the resulting x -values.
Models for the VLBI source structures were derived by fitting the complex I and P visibilities that come from the hybrid mapping process as described by Roberts, Gabuzda, & Wardle (1987) and Gabuzda, Wardle & Roberts (1989) . The model parameters for 09171624 and 09541658 are shown in Table 2 . We assume a Friedmann universe with Hubble constant of 100h km s
21
Mpc
21 and deceleration parameter q 0 0X5, throughout.
09171624
The source 09171624 is a quasar with a redshift of z 1X446 (Stickel & Ku Èhr 1993) . It has shown pronounced intraday variability in both I and P (Quirrenbach et al. 1989a,b) . Previous VLA observations at 1.6 GHz using the A and B configurations (Murphy, Browne, & Perley 1993) found traces of a very low surface brightness halo south-west of the core. We observed this source with the VLA for 6.3 h. Our higher resolution 5-GHz images show only the core, with no indication of any extended features of peak flux density greater than about 0.2 mJy. The P image indicates that the arcsec core is moderately polarized (2.2 per cent), with no extended polarized feature of peak flux density greater than 0.5 mJy. We do not show these images here, since they gave no indication of structure.
The global VLBI images of Standke et al. (1996) show an extended jet structure towards the north-west, in which they identified several distinct features. They were able to determine speed estimates for two of these components: b app h 7X8^0X8 q 2000 RAS, MNRAS 315, 229±240 (their component`D') and b app h 5X1^4X9 (their component C'). We detect two dominant features in the VLBI jet, as shown in Table 2 and in Fig. 1 . One is at a distance of about r 5X6 masY is heavily resolved and clearly corresponds to component`D' of Standke et al. (1996) . We also find a much more compact feature situated about r 0X6 mas from the core, that appears to correspond to component`B' identified by Standke et al. (1996) . The three measured separations for this feature nearly lie on a straight line when plotted as a function of time, suggesting a proper motion of m 0X18 mas yr 21 Y or b app h 6X15X As discussed in detail below, the VLBI core polarization varied significantly during our observations. The degree of polarization in the VLBI core was m , 3±4 per cent, and the VLBI core electric vector was x , 508 2 758Y roughly perpendicular to the VLBI jet. Figs 1(b) and (c) show P images for two different times in the VLBI experiment separated by 10 h, clearly showing a rotation in x.
09541658
The redshift of 09541658 is z 0X386 (Lawrence et al. 1986 ). 09541658 has been reported to show intraday variability in both total flux density and polarization (Wagner & Witzel 1992) . Extreme scattering events have also been detected (Fiedler et al. 1987) , indicating that some of the very rapid variability is not intrinsic to the source.
Previous deep B-array VLA observations (Kollgaard et al. 1992 ) revealed a secondary component four arcsec south of the core that was 15 per cent linearly polarized. We observed this source using the VLA for a total of 6.0 h. Our new higher resolution image (Fig. 2a) shows the southern component to be the end of a narrow jet with several compact knots and a sharp bend 4 arcsec from the core. A comparison between the total flux detected in a tapered image and the higher resolution images of the core shows a flux density of about 9 mJy for the extended emission. Our P image (Fig. 2b) only shows clearly the polarization from the core. The limit on this map is slightly higher than the peak polarized flux density detected by Kollgaard et al. (1992) and so is consistent with those observations.
Previous 5-and 8.4-GHz VLBI images show a compact jet that initially emerges in structural position angle 2308 and then curves towards the southwest; two superluminal components with apparent speeds b app h 7X4 and 4.4 have been identified (Gabuzda et al. , 1994 Gabuzda & Cawthorne 1996) . The images presented here (Fig. 3) show a similar structure to that observed at 3.6 cm at epoch 1990.5 by Gabuzda & Cawthorne (1996) , with a very compact jet that initially emerges in position angle ,2208, then bends and continues nearly directly west. We detected the core and three reasonably strong jet components, as well as three additional weaker and more distant features (Table 2 ). There is clear evidence for the presence of the three compact features C, Ka and Kb in the distributions of both the I and P clean components, and the positions of these features inferred from the independent I and P fits are in very good agreement. It is not possible to adequately model the features Kc, Kd, Ke and Kf, which are well separated from the core region, without including C, Ka and Kb in the fit. When we tried to reduce the number of compact features included in the core region to one or two (rather than all three), the reduced x 2 for the fit increased significantly (by 53 and 135 for models with two and only one feature in the core region; the corresponding increases in x 2 expected if the reduced-parameter models fit the data equally well were 35 and 86). Moreover, the agreement between the model parameters and the image degraded appreciably. For these reasons, we are Table 2 ) is an accurate representation of the source structure.
The positions of our 6-cm jet components Ka, Kb and Kd nearly coincide with the locations of jet components detected by Gabuzda & Cawthorne (1996) in their higher resolution 3.6-cm observations of roughly one year earlier (1990.5). The previously determined speeds for features in the VLBI jet of 09541658 suggest that we should expect proper motions of ,0.3±0.5 mas during the interval between these two observations. It is not clear whether we are seeing evidence for stationary features in the VLBI jet, or possibly for frequency dependence of the positions of these features. Another possibility is that the jet accelerates with q 2000 RAS, MNRAS 315, 229±240 distance from the core, since the previous speed estimates were made for components somewhat further from the core. The x-values for the core and the inner jet components Ka and Kb follow the jet as it bends towards the west (also observed in the data of Gabuzda & Cawthorne 1996) , suggesting that this part of the jet may be dominated by shocked components in which the magnetic field transverse to the local flow is enhanced (Laing 1980 , Hughes, Aller & Aller 1989 ; another possibility is that we are seeing evidence for the dominance of a toroidal magnetic field component associated with the jet.
The feature Kc is located substantially to the north of the other features previously observed at similar distances from the VLBI core. It is not clear how this feature is related to previously observed jet components. It is interesting that x in Kc is oriented roughly east±west, as was also true for polarized components observed earlier, south of this location ). This may suggest that the jet flow after the bend at r , 0X75 mas occupies a fairly broad region flowing towards the west, and that only a small portion of this flow is visible as compact bright features.
VA R I AT I O N S I N T H E V L A DATA
The VLA data obtained during the VLBI experiment provided monitoring of the total intensity and polarization of all three sources during almost all of the VLBI run. The I, p and x for each VLA observation of each source are presented in Fig. 4 . The I-values have been determined from the data after phase-only self-calibration, in order to remove antenna-based phase errors (caused by weather fluctuations, etc.). No amplitude selfcalibration has been performed on the VLA data, since this could smooth the source variability in some cases. As can be seen in Fig. 4 , there is no evidence for appreciable variability in the total fluxes of either of the sources during our VLBI run. There are possible variations in the polarized flux for both sources, and clear variations in the polarization position angle of 09171624.
I N T R A DAY VA R I A B I L I T Y A N A LY S I S
Because the total fluxes of each of the sources were virtually constant over the course of the experiment, we were able to use the entire I data sets to construct the total intensity VLBI images of these sources. Thus, the u±v coverage for the I data for each of the sources was very nearly complete and continuous, since we observed only 07161714, 09171624 and 09541658 plus calibrator sources over a 24 h period. As the antenna gains were determined in the imaging process, they were applied to the polarization data as well as the total intensity data on a scan-byscan basis. Thus, the possibility of variation in the source polarization does not affect the accuracy with which the VLBI polarization data can be calibrated, since the antenna gains for each scan are determined using the constant total intensity data.
After completion of the imaging process, the calibrated VLBI polarization data for each source were divided into groups in time according to the polarization variations indicated by the VLA data. Each data interval lasted 2±3 h, during which time the VLA indicated the source polarization to be roughly constant. We then conducted independent polarization imaging and model fitting for each group of scans for all three sources, in order to determine whether there was any evidence for polarization variability on VLBI-scales. We also determined the polarization on scales intermediate between those sampled by the VLBI array and by the VLA for each time interval: the vector difference P int P VLA 2 P VLBI X
09171624
The only component for which polarization was detected on masscales was the VLBI core. We were able to construct independent VLBI images for five separate time intervals, as shown in Table 3 ; other time intervals did not contain enough P data to construct reliable images. Inspection of the x-values for the VLBI core in separate time intervals suggests that the variations in 09171624 did indeed occur on mas-scales, in the 6-cm VLBI core, as shown in Table 3 , Figs 1(b) and (c), and Fig. 5 . Our calculations of the intermediate-scale polarizations, P int P VLA 2 P VLBI Y for each individual time interval were all in agreement to within the expected errors. We accordingly supposed P int to be constant, and obtained a best estimate of this polarization by averaging the values of P int inferred for each time interval. We plot the amplitude and phase of the`calculated' VLBI polarization, P calc P VLA 2 kP int lY together with the measured amplitudes and phases of the VLBI core polarization, P VLBI , in the right-hand panels of Fig. 5 . If indeed the intermediate-scale polarization is constant, and our estimate of this polarization kP int l is reasonably accurate, the values of P calc and P VLBI should coincide.
As we can see in Fig. 5 and Table 3 , the`calculated' and measured VLBI polarizations are, in fact, in very good agreement in both phase and amplitude. At all times, except for the second interval (20.2 h), these two quantities agree to within 2s , and the phase variations in the VLA data are clearly tracked by the VLBI data. Although the amplitude variations are smaller than the phase variations, they too are well tracked by the VLBI data. This argues that the VLA variations in 09171624 were associated with the source and were present only in the VLBI core.
09541658
In 09541658, the core and the three inner-jet components form a quite compact structure. The VLA x-values are essentially constant, and the relative polarized flux variations for this source (Fig. 4) are not extremely large, so we would not expect them to seriously distort the VLBI P image obtained using the entire data set, even if the variations were present on mas-scales. As expected, the P image obtained using all the VLBI data does not show any obvious signs of problematic P data, and the distribution of clean components along with the model fitting indicate that mas-scale polarization was detected in four VLBI components, as discussed above: the core and the three innermost knots.
q 2000 RAS, MNRAS 315, 229±240 We were able to construct independent P images for eight time intervals covering nearly the entire VLBI run. The detection of polarization in four VLBI components complicated the intraday variability analysis, since we wished to estimate the polarizations of each component in each individual time interval considered. We attempted to obtain independent four-component P fits varying all parameters for each time interval. This was possible in some time intervals, but the u±v coverages in other intervals were insufficient to yield reliable estimates of the component parameters.
We therefore proceeded as follows.
(i) We assumed that if any parameters of one or more of these compact components were going to vary during our observations, then it would be the polarized flux or the x-values rather than their positions.
(ii) We then obtained four-component P fits for each of the time intervals considered, fixing the positions of the components to be those of the corresponding P components found in the fit using all the data: this decreased the number of degrees of freedom for the fits, and allowed us to obtain estimates of the p-and x-values for each of the four components for each of the time intervals, as shown in Table 4. (iii) We then added the vector polarizations for the four components for each time interval and compared this total VLBIscale polarization with the polarization measured for the VLA core.
As we can see from Fig. 6 (top-left panel) , the total VLBI-scale polarized flux varied in synchrony with the polarized flux of the VLA core. The correlation is especially clearly displayed if we exclude the last VLBI point, at 31.0 ut, that has a larger error than the remaining points. This suggests that the polarization variations in the VLA core were real, and occurred somewhere on the scales imaged by our VLBI array.
Further evidence that the integrated variations occurred on VLBI-scales is provided by the fact that vector subtraction of the total VLBI polarization from the VLA core polarization for each time interval yields similar estimates of the polarization on intermediate-scales. This suggests that this intermediate-scale polarization remained constant during our VLBI experiment. We calculated an average intermediate-scale polarization, kP int lY and subtracted this value from the measured VLA core polarizations, P VLA , for each time interval. If the intermediate-scale polarization was indeed constant, and if the variations shown by the VLA data occurred on VLBI-scales, the resulting values for P VLBIYcalc P VLA 2 kP int l should coincide with the measured total VLBI polarizations. We can see in Fig. 6 (right-hand panels) and Table 5 that this is the case: the`calculated' and measured VLBI polarized fluxes all agree to within 1s (except for the measurement at 31.0 ut, which has a relatively large error). The VLA core, measured VLBI and`calculated' VLBI x-values are all essentially constant, showing only weak time variations; the`calculated' and measured VLBI x-values all agree to within 2s .
Thus, we find clear evidence that the VLA polarization variations were present in our VLBI data, since the integrated polarized flux variations are tracked by the total polarized flux q 2000 RAS, MNRAS 315, 229±240 detected on VLBI-scales. The question arises of in which component, or components, the variations took place. Fig. 7 shows the model fitting results for each of the four P components for each time interval considered. The estimated errors shown on these plots correspond to 2s , so that, if the polarized flux or x for a particular component was constant, we would expect statistically no more than one or occasionally two of the measurements to be inconsistent with a constant value to within the errors shown. We can see that this is true for the x plots for all four VLBI components, and for the p plots for C and Kc (Fig. 7) . This suggests the possible presence of polarization variations in p for Ka and Kb; however, the p values for all four components except for Kb are constant within 3s . This suggests that, given our formal error estimates, our data are consistent with the polarization of all components except for Kb being constant over the q 2000 RAS, MNRAS 315, 229±240 course of the VLBI experiment. Our estimates of the polarized flux for Kb in each time interval indicate behaviour that is qualitatively somewhat similar to that seen for the VLA core polarized flux with Fig. 7(e) ]. This suggests that the polarization variations measured in the VLA core might have occurred in the VLBI component Kb, with p and x for the other three VLBI components with detectable polarizations remaining constant during our VLBI run. However, we feel that our VLBI data are insufficient to demonstrate conclusively that this is the case. For example, the shape of the p curve for C is also reminiscent of the integrated P variations, suggesting that C may also have varied, but our errors are not small enough to confirm this.
D I S C U S S I O N
Intraday variability in the VLBI core of 09171624
Given the very good agreement between variations in the VLA and VLBI P data shown in Fig. 5 , there is little doubt that we have detected intraday variability in the polarized flux and x of the VLBI core of 09171624. Any total intensity variations were much smaller: the total flux estimates for individual VLA scans of 09171624 agree to within 0.3 per cent (3.5 mJy). This behaviour is similar to that previously observed for the VLBI core of 07351178, when the polarized flux of the VLBI core decreased by ,40 per cent in ,24 h, but there was no evidence for significant total intensity variations (Gabuzda et al. 1989) . The fact that the polarization position angle and polarized flux of the VLBI core both varied suggests that the variations were complex, and possibly a result of the sum of the polarizations of more than one significantly polarized compact subcomponent on scales substantially smaller than our resolution. Since we only detect a single compact varying polarized feature with our resolution, our observations of 09171624 do not provide conclusive evidence about the nature of the intraday variability observed. We cannot completely exclude the possibility that these variations were associated with interstellar scintillation: in this case, if the polarized emission regions on intermediate-scales were less compact than the VLBI core, we might expect that they would remain constant, while the compact VLBI core flux varied because of the scintillation. This scenario would require that there be at least two significantly polarized subcomponents in the VLBI core, since otherwise we would not expect variations in x. In addition, we note that one piece of evidence against the possibility that the variations were caused by interstellar scintillation is that in that case, we would expect at least roughly comparable fractional variations in I and p, which is not observed.
Intraday variability in the core or inner VLBI jet of 09541658
We believe that we have demonstrated that the polarization variations observed in the VLA core occurred on the scales imaged by our VLBI array. four VLBI components for which polarization was detected (the core and three features in the inner jet). Again, these polarization variations were not accompanied by comparable variations in total intensity: the total flux estimates for individual VLA scans of 09541658 agree to within 0.3 per cent (3.6 mJy). It is more difficult to identify the location of the polarization variations more precisely in the VLBI structure. Our attempts to do this were complicated by the fact that three of the four polarized VLBI features have roughly comparable polarized fluxes (,25, ,45 and ,55 mJy for C, Ka and Kb respectively), and especially by the compactness of the structure in the inner VLBI jet. Nonetheless, there is some evidence that integrated polarization variations occurred in the feature Kb and that the polarizations of the other three components were constant, though it is difficult to demonstrate this conclusively. In Fig. 7 , the only plot that shows clear evidence for variability exceeding the 3s errors for the measurements in individual time intervals is that for the polarized flux of Kb; the polarized fluxes for the remaining three components and the x-values for all four components can be described by single constant values (within the 3s errors). In contrast, no constant p-value can describe more than four of the eight measurements for Kb in Fig. 7(c) . In addition, the general pattern shown by the polarized flux of Kb is qualitatively similar to that for the total VLBI and VLA polarized fluxes, rising up to a peak at about 22.5 ut and subsequently decreasing. Finally, Kb is an obvious candidate for a source of the variations, simply because it contains the most polarized flux. For these reasons, we feel that it is most likely that the integrated polarization variations occurred in Kb, and that the polarizations of C, Ka and Kc were constant.
If, indeed, the integrated polarization variations occurred only in Kb, this provides evidence that the variations were intrinsic to the source rather than being the result of scintillation. As can be seen from the size estimates listed in Table 2 , C, Ka and Kb are all compact (,0.2±0.3 mas), and if Kb scintillated, we would expect C and Ka to scintillate as well. There are two additional arguments suggesting that the observed IDV is not associated with scintillation: (i) the sizes estimated for these three compact features are, in fact, nominally too large for them to scintillate at 5 GHz, and (ii) the polarization variations were not accompanied by comparable total-intensity variations.
Our results for 09541658 are of special interest, because the inferred location of the variations may be in the compact inner VLBI jet, rather than in the VLBI core. We reiterate, however, that our data are insufficient to prove this conclusively; in particular, we cannot rule out the possibility that there were variations in the VLBI core.
C O N C L U S I O N
The three sources observed (07161714, 09171624 and 09541658) were targeted for the VLBI observations since they had been identified earlier as intraday variables, but we had no way of knowing whether they would vary during our observations; the fact that all three exhibited intraday variability in polarization during our experiment suggests that polarization IDV occurs frequently among some subset of compact radio-loud active galactic nuclei. In particular, it appears that polarization IDV may be more common than total intensity IDV, since none of the three sources showed convincing evidence for substantial total intensity variations. The presence of substantial variations in P but not in I appears to rule out scintillation as the primary cause of the variability.
At the same time, polarization IDV is clearly a rather complex phenomenon. The locations of the polarization IDV in the three sources are different: in the essentially unresolved VLBI core of 09171624, probably in the inner VLBI jet of 09541658 and in a presumably compact feature at a substantial distance from the VLBI core of 07161714 (Gabuzda et al. 2000) . Polarization IDV in the 6-cm VLBI core of 07351178 was reported earlier by Gabuzda et al. (1989) . A priori we might have expected rapid variability to be observed only in the VLBI core (the compact feature closest to the centre of activity); in fact, we see that there are also cases where the varying feature is resolved from the core, suggesting that polarization IDV occurs in very compact features over a range of scales.
In 09541658, x in the proposed varying jet feature is aligned with the local VLBI jet direction and virtually constant, while the degree of polarization of this feature is variable and substantial (,20±30 per cent), suggesting that this component may be associated with a transverse shock. Our best estimates of the polarization properties of the rapidly variable feature in 07161714, which is probably in the VLBI jet but much further from the core, suggest that the degree of polarization rapidly decreased from ,10 to ,2 per cent, then rose again (Gabuzda et al. 2000) . Thus, in both these cases, the observed rapid integrated polarization variability appears to have been associated with rapid changes in the degree of polarization of a compact jet feature.
There is no clear pattern to the polarization properties of the rapidly varying VLBI core components. The polarization of the VLBI core of 09171624 is not exceptional: m is a few per cent and only mildly variable, and x is more variable but remains roughly perpendicular to the VLBI jet direction. In the case of 07351178 (Gabuzda et al. 1989 ), x for the VLBI core was constant to within the measurement errors, while m was variable and similar to that for 09171624 (,2.5±4 per cent).
In cases where we observe rapid polarization variability in a compact core, it is likely that we are seeing the summed polarization for several subcomponents: the optically thick core and newly emerging jet components that are not yet distinctly visible, for example. Gabuzda et al. (1994) and Gabuzda & Cawthorne (1996) have argued that the observed VLBI core polarizations of BL Lacertae objects at cm wavelengths are frequently dominated by the contribution of still unresolved emerging jet components. This was directly demonstrated in a 6-cm space-VLBI polarization image of the BL Lac object 18031784 (Gabuzda 1999) , which clearly shows that the ground-VLBI core polarization is dominated by a strongly polarized feature in the inner jet. It is interesting that the degree of polarization in the core of 09171624 (3±4 per cent) is somewhat higher than is typical for quasars (less than ,2 per cent; Cawthorne et al. 1993) , suggesting that here, too, we may be seeing a substantial polarization contribution from new components in the innermost VLBI jet.
In this picture, the VLBI polarization IDV that we have detected in the four sources analysed in detail so far can be taken to be q 2000 RAS, MNRAS 315, 229±240 Figure 7 . Plots of p and x for C (a, e), Ka (b, f), Kb (c, g) and Kc (d, h) , for each of the eight time intervals considered in the IDV analysis. Errors are 2s . All polarization parameters are formally constant within the errors except for p for component Kb (c) , suggesting that the polarization variations seen in the integrated polarized flux measurements occurred in this VLBI component. associated with compact jet regions on a wide range of scales. This means that, on the one hand, we have already started to resolve the regions of interest in some sources with ground VLBI observations at 6 cm; on the other hand, additional resolution is clearly needed to identify the rapidly varying components in other sources and better isolate their polarization properties.
With this goal in mind, VLBA observations of a number of IDV sources, as well as a control source not expected to display IDV, were made in 1997 June at 3.6 and 2 cm, and are currently being reduced. We hope that the increase in resolution offered by these observations, as well as the availability of some information about the spectra of the individual varying VLBI features and the wavelength dependence of their polarization, will provide valuable new clues to the nature of very rapid variability in active galactic nuclei.
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